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Abstract. The prototype compact group known as Stephan's Quintet (SQ) was observed with XMM-Newton in 
order to complement the excellent resolution of Chandra with high sensitivity to extended emission. SQ is a 
dynamic environment whose main effect, at both X-ray and optical wavelengths, appears to be ISM stripping. 
This is manifested by: 1) secular evolution of morphological types towards earlier types and 2) growth of diffuse 
emission. Virtually all cold, warm and hot gas in SQ is found outside of the member galaxies. XMM-Newton offers 
the opportunity to study the hot gas with unprecedented sensitivity. We find two main components: 1) extended 
high surface brightness emission from shocked gas associated with an ongoing collision and 2) even more extended 
and unrelaxed diffuse emission that follows the stripped stellar envelope of the group. 
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1. Introduction 

Multi-wavelength data continue to accumulate for 
Stephan's Quintet (SQ) the most studied of the compact 
groups of galaxies. A framework for these observations 
has developed that may be quite generally relevant to 
the compact group phenomenon. Groups like SQ repre- 
sent the densest galaxy aggregates in the non-clustered 
Universe. If SQ is representative, then compact groups 
evolve and grow through a process of sequential harass- 
ment by, and acquisition of, infalling intruder galaxies. 
It is not clear what stimulates the infall because the ob- 
served baryonic mass in SQ is about an order of magni- 
tude too small to account f or it. Two intrud er galaxies 
have been identified in SQ llMoles et alJll99S|h As sum- 
marized in iTrinchieri et all l|2003jh the older, and likely 
captured, intruder (NGC 7320c) has left evidence of two 
passages in the form of parallel tidal tails. NGC 7319 was 
most likely the victim of the last passage having lost most 
of its ISM. From the evidence of an "UV loop" i n the 
new G ALEX images of this system, IXu et all l)2005|) sug- 
gest that only the older tail results from the passage of 
NGC 7320c, the younger one being caused by a close en- 
counter with NGC 7318a. In either case, the Seyfert 2 
nucleus in NGC 7319 may represent another manifesta- 
tion of the encounter. Both it and NGC 7320c are ex- 
amples of galaxies in transition from later (S) to earlier 
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(E/S0) type. One or both of the members of SQ with el- 
liptical morphology (NGC 7317 or 7318a) may have been 
stripped in earlier passages of the old intruder. The "new" 
intruder (NGC 7318b) recently penetrated SQ at unusu- 
ally high velocity (AV^1000km/s) which suggests that it 
is not bound to the system. The strongest signs of current 
activity are related to this latter encounter. 

The results of the active dynamical history in SQ yield 
multifold observational manifestations of the interaction 
process: 1) tidal deformations, 2) ISM stripping, 3) star 
formation suppression within the galaxies, 4) star forma- 
tion sites in the stripped debris, 5) morphological transfor- 
mations, 6) creation of a common halo of stripped stars, 
7) shocks and, possibly, AGN ignition. It is widely as- 
sumed that interactions were more common in the early 
Universe and this makes detailed study of groups like SQ 
important beyond their benefit as laboratories for study- 
ing interaction physics. The signatures of the above in- 
teraction events have now been observed in all windows 
of the electromagnetic spectrum except the gamma ray. 
SQ might therefore become a reference for extragalactic 
observers. 

Recent Chandra observations of SQ ijTrinchieri et all 

2003) generally support the above evolutionary picture 
and have shown quite distinctly the effects of interaction 
between SQ and its intruders. A large scale shock (~40kpc 
at 85 Mpc) seen in both ROSAT-HRI and Chandra images 
as a prominent narrow NS feature embedded in more com- 
plex and extended diffuse emission is further confirmed 
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Fig. 1. Comparison of XMM-Newton EPIC-MOS and EPIC-pn images with Chandra-ACIS in the 0.3-3 keV 
band. MOS1 and MOS2 are merged. Adaptive smoothing is applied using csmooth in the Ciao package (see 
: //asc .harvard, edu). XMM images show lower resolution but enhanced sensitivity to extended emission. 



by these XMM-Newton observations (Fig. [TJ). The NS 
structure was found to be distinctly clumpy and sharply 
bounded on the W side. Spatial coinciden ce of the X-ray 



Table 1. Log of the XMM-Newton observations for 
Stephan's Quintet. 



shock is found with both radio contin uum llWilliams et "a ] 
12002^1 and forbidden [Nil] emission l|Sulentic et alJl200lJ) 



while little correspondence is seen between the X-ray and 
optical broad band images. The principal X-ray features 
are best explained as manifestations of the shock pro- 
duced by collision of the new intruder with the debris 
field produced by passages of the old intruder. However, 
if the stripped ISM of NGC 7319 was largely displaced 
towards the east, in the direction of NG C 7320c, as sug- 
geste d by the observed Hi distribution l| Williams et alJ 
12002ft . then currently shocked debris field must be the 
product of an earlier encounter between the old intruder 
and, perh aps, NGC 7318a. The N S X-ray feature was in- 
terpreted l|Trinchieri et alJl2003|) as a bow shock propa- 
gating through the pre-existing debris field and heating 
it to a temperature of ~ 0.5 keV. The low temperature 
of the post-shock is a problem unless we postulate: a) an 
oblique shock and/or b) a weak shock where the upstream 
medium i s hot and has a s izable counter-pressure. As dis- 
cussed in iTrinchieri et all l)2003(l . a standard weak shock 
is unlikely given the high Mach number of the inflowing 
gas in the frame of reference of the new intruder. In order 
to reduce the post-shock temperature to a value consis- 
tent with that derived from X-ray spectral fitting, the gas 
would have to enter the shock with respect to the shock 
surface at an angle of 30° or less. This will only happen 
at the wings of the bow-shock. 



In ITrinchieri et alJ l|2003|) we estimated the cooling 
time from X-ray spectral fitting and a standard cooling 
function for a low metallicity plasma in collisional ioniza- 
tion equilibrium to be roughly 4x 10 8 yr for a mean density 
of nx ~ 2.7 x 10 -2 cm~ 3 . Note that in the surrounding 
upstream medium the density can be lower by a factor of 
5 — 10, so that cooling can be completely negligible, but 



Instrument Livetime (sec) 
Total Used 
EPIC-pn 37088 31531 

EPIC-MOS 1 44845 36775 
EPIC-MOS2 44833 36766 



that denser regions in the shock have higher densities and 
correspondingly shorter cooling times. 

This interpretation is attractive because it would also 
better explain evidence that the new intruder shows con- 
siderable tidal distortion. In this case in flagrante delicto 
implies an intruder crossing time of t c ~ 10 8 years. 

2. XMM-Newton Data Analysis 

SQ was observed for -40 ks with EPIC-MOS and EPIC- 
pn during revolution 366 of XMM-Newton. The event 
files were reprocessed with the xmmsas — 5.4.1 release 
and further cleaned of residual high background due 
to flaring activity. We used the EPIC-pn light curve 
for processing data from all instruments. Only pho- 
tons with FLAG=0 and PATTERN < 4 (for EPIC-pn), 
or PATTERNS 12 (EPIC-MOS), were used in the anal- 
ysis. The final exposure times for the accepted events 
are listed in Table ^ Data analysis employed both the 
xmmsas /{tools and ciao/funtools tasks with heavy re- 
liance on ds9 and corollary software. 

2.1. X-ray Images: characterization of the diffuse 
emission 

In an effort to enhance the signal-to-noise we merged 
the central CCD frames of the two EPIC-MOS obser- 
vations and smoothed the result with an adaptive algo- 
rithm (ciao — csmooth). EPIC-pn data are kept separate 
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1.5-2,5 KfiY 




Fig. 2. Comparison of smoothed EPIC-MOS images in the 0.3-1.5 keV (LEFT), 1.5-2.5 keV (CENTER) and 2.5-5.0 
keV (RIGHT) bands. Extensive diffuse emission is evident in the softest image. 
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Fig. 3. LEFT: The radial distribution of X-ray emission in the azimuthal ranges 95°-140° (filled dots, SEtail) and 
complementary 140°-95° (histogram), obtained from the combined EPIC-MOS data (0.3-2.5 keV) that are free of CCD 
gaps. The former shows the excess diffuse emission in the direction of the tidal tails. RIGHT: Azimuthal distribution 
of the emission at different radial distances from the middle blob in the NS feature: Crosses: r=75" — 114"; Filled dots: 
r=114" - 180"; empty dots: r=180" - 240". The sources associated with the Seyfert NGC 7319 and with NGC 7317 
are masked out. Azimuthal angles are: NNE=0°-95°; tail=95°-140°; S=140°-210°; SW=210°-255°; NW=255°-360°. 



because of the different patterns of CCD gaps in EPIC-pn 
and EPI C-MOS instruments. E PIC-pn, EPIC-MOS and 
Chandra (Trinchier i et al . 2003) images (0 3-3.0 keV) are 
compared in Fig. ^ which illustrates the complimentary 
power of data from the two satellites. While the Chandra 
image clearly shows more discrete features, the large col- 
lecting area of XMM-Newton facilitates detection of dif- 
fuse X-ray emission components. A comparison of EPIC- 
MOS emission in different energy bands is shown in Fig. El 
Both figures reveal the complexity of the emission in SQ 



with a multitude of both compact and extended features 
centered on the NS oriented shock, with different rela- 
tive strengths as a function of the energy band considered 
(see later). A previously undetected component is visible 
towards the SE as an extension that connects the low sur- 
face brightness emission at the center of the group with an 
enha ncement that was marg inally detected in the Chandra 



enhancement that was marginally detected m the Chandra 
data I Trinchieri et al.ll2003jh This new component, called 
TAIL for easy reference in the text, is faint even in XMM- 
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Fig. 4. (LEFT) Merged EPIC-MOS contours superimposed on a deep R-band image taken at the 2.5m INT (courtesy 
of Carlo Gutierrez). The 0.3-3.0 keV band X-ray data were smoothed with an adaptive algorithm before contouring. 
Outer contours chosen to show maximum extent of X-ray emission. (RIGHT) Optical R band contours superimposed 
on a "true" color X-ray image produced from 3 different EPIC-MOS energy bands: red:0.3-1.5 keV; green=1.5-2.5 
keV; blue=2. 5-6.0 keV. Contours chosen to show maximum extent of the diffuse halo. 



Newton images making a full characterization of its prop- 
erties very difficult. 

The more sensitive XMM-Newton data allow a better 
definition of low surface brightness emission in SQ and 
we have tried to determine its extent by means of radial 
profiles of the X-ray emission. Regions of CCD gaps, bad 
columns and bad pixels identified on the exposure maps 
are masked and all detected sources outside a radius of 
~ 3' from the center of SQ are excluded. Emission above 
~ 2.5 — 3.0 keV is associated with the nucleus of NGC 7319 
and a few much fainter individual sources. Diffuse emis- 
sion is detected out to a maximum extent of r~ 4' at 
energies below ~ 2.5 keV. However, the emission becomes 
clearly nonuniform with increasing distance from the cen- 
tral shock region, so that the extent depends on the as- 
sumed direction. Figure shows both the clear excess in 
the TAIL region identified above (left panel) and the az- 
imuthal dependence of the extent of the emission (right 
panel), towards the SE (TAIL) and the SW (towards 
NGC 7317) at an average radius of 2' — 3'. The smaller 
extent towards S could reflect the presence of additional 
absorption, due in part also to the foreground NGC 7320 
(however, the same should be true for TAIL). The EPIC- 
MOS CCD gaps make any characterization of any diffuse 
structure outside r^ 4' difficult to quantify properly. 

In order to better highlight different spectral signa- 
tures in the complex emission from SQ we have generated 
a color image combining data in three broad bands: 0.3- 
1.5, 1.5-2.5 and 2.5-7.0 keV (displayed as red, green, and 
blue respectively). The resulting image, shown in Fig. 01 
shows a number of localized regions with different colors 
that imply differences in photon energy distribution. Many 
of these regions lack sufficient photons for a detailed spec- 
tral analysis but we can make a rough comparison of the 
relative photon distributions for some of the regions that 
are illustrated in Fig. A more detailed analysis is given 
for regions with high enough photon statistics (see § 12.2(1 . 




Fig. 5. Identification of source regions used in the pro- 
duction of pseudo-spectra (Fig. EJ. Unlabeled red regions 
within a marked area were excluded from the spectral 
analysis of that region. Also shown are the regions used 
to produce the cuts shown in Fig. [5] and Fig. 1101 

Constant broad energy bins are used for constructing all 
of the "pseudo-spectra" displayed in Fig. El These energy 
distributions have not been corrected for instrumental re- 
sponse. They were extracted from relatively small areas of 
the central CCD in EPIC-MOS so we do not expect varia- 
tions in the response matrix to affect this qualitative com- 
parison between different sources and regions, but cannot 
be used to derive spectral shapes. 

The pseudo-spectra show significant differences that 
suggest these sources are unlikely to be fit with the same 
spectral model. We comment on the most striking: 
1) Regions B and C (top panel) show similar distributions 
especially compared with region A. The average pseudo- 
spectrum of the shock region is intermediate between A 
and B distributions. Chandra data suggest that a compact 
source (Chandra =tf=5 lTrinchieri et all2003h is embedded in 
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condensation C (but not at its center). With the current 
astrometry and published positions of the Ha knots (e.g. 
IXu et alj f2003V the Chandra position does not suggest 
coincidence with any obvious optical feature in the new 
intruder, so it might be an unrelated background source. 
A region of in tense star formation (STARBURST A in 
IXu et af1ll999|) and associated Hi and CO emission lie 
between the N end of the shock and source C. 

2) The sources in the middle panel are associated with 
SQ galaxies and show similar pseudo-spectra. NGC 7319 
shows a strong hard photon excess which is likely re- 
lated to an obscured active nucleus. Significantly differ- 
ent line-of-sight absorbing column densities might ex- 
plain the large difference between the lowest energy 
points of NGC 7318a and NGC 7317. This is consis- 
tent with the lack of any radio line or continuum de- 
tections near to NGC 7317. Unresolved r adio continuum 
emission is detected from NGC 7318a l|Williams et all 
l2002HXn et"aTll2003h . Source # 2 is also included in this 
panel. Thus is the only one of four very large (D~400 pc) 
Ha em ission condensations d etected as a discrete X-ray 
source (ITrinchieri et al.ll2003|) and belongs to NGC 7318b 
l|Sulentic et alJl200l|) . 

3) Diffuse emission regions outside the central shock region 
(bottom panel) do not show identical spectra: TAIL and 
D are consistent with each other but not with HALO. The 
latter feature is more reminiscent of the spectral distribu- 
tion of the shock front and may be evidence for a large 
scale signature of the shocked new intruder disk. This will 
complicate any inferences about the extent and integrated 
properties of diffuse X-ray component that existed before 
the arrival of the new intruder. It is unclear if D is a con- 
densation near the end of this tail or an unrelated back- 
ground source: there is evidence of an extended object at 
its center (redshift and nature unknown at the present 
time), but at the same location there is a clear deficit in 
the Hi distribution that, if foreground, would represent a 
smaller absorbing column with consequent local enhance- 
ment of the emission. The locatio n of D also coincides 
with the "end" of the H 1 in Arc-S l|Williams et alJl2002t) 
and could also represent the edge of the expansion of the 
hot gas. The similarity of the spectral distributions for D 
and TAIL might favor the interpretation of D as a feature 
associated to the more diffuse component in TAIL. 

2.2. Characterization of individual features 

The previous images and pseudo-spectra enable us to iden- 
tify emission regions where it is possible to derive both 
the contribution of individual components (see Table EJ 
and where the photon energy distribution allows a more 
detailed spectral analysis. Table El lists detected counts, 
fluxes and luminosities for individual sources detected and 
already presented in Fig.[5]for which a more detailed spec- 
tral analysis is not possible. Regions with stronger emis- 
sion are instead considered for more detailed spectral mod- 
eling, as summarized in Table 01 Source shapes and sizes 



were adjusted to avoid regions of non-uniform illumina- 
tion (e.g. CCD gaps), but were kept as large as possible 
(compatible with colors and morphologies implying co- 
herent components, as suggested by both our X-ray color 
image and Fig. in order to improve the signal-to-noise 
in the derived spectra. Photons were binned to achieve a 
minimum signal-to-noise > 2 — 3 (depending on the re- 
sulting number of bins) in each energy bin after back- 
ground subtraction. We generated or/ and rmf files, us- 
ing the most recent calibrations. We used PATTERN<12 
for EPIC-MOS[l-2] (singles, doubles, triples and quadru- 
ples) and PATTERN=0 for EPIC-pn (singles only), since 
we are mainly interested in softer energies where the "sin- 
gle" percentage was highest. We also considered "dou- 
bles" in the Seyfert data that contains many photons at 
higher energies in order to increase the signal-to-noise. 
Results of spectral modeling are summarized in Table [3J 
The data do not provide meaningful constraints on the 
choice of spectral model, with several different assump- 
tions yielding equally good results. In particular, we have 
made two different assumptions for the abundance pa- 
rameter, fixing it at 30% of co smic (consistent with the 
choice in ITrinchieri et alJl2003^ . and at 100%. The for- 
mer value gives in general better fits, i.e., lower % 2 values: 
an additional component is needed to obtain a similar 
X 2 under the assumption of 100% cosmic; we have cho- 
sen a power law with fixed slope at T = 1.7, but other 
choices give equal results. The spectral parameters are 
generally consistent in the two models. In fact the error 
regions are ill-defined in several cases, due to apparent 
non -monotonicity in the y 2 space. As discussed later (see 
also lTrinchieri et al.l2003() . the spectral parameters should 
be regarded as only indicative, as all regions are probably 
complex, and might contain different components at differ- 
ent temperatures. Moreover, plasma temperatures are de- 
rived from models of optically thin emission, in which the 
plasma is assumed in collisional ionization equilibrium. In 
the presence of non-equilibrium plasma, such as in cases of 
shocks, these models would have the effect of "artificially" 
requiring a multi-temperature fit. 

The background is chosen from a region to the E in the 
adjacent chip for EPIC-pn (but within the same CCD for 
EPIC-MOS) where we see and expect no emission from 
SQ. We have also considered other regions to the N and 
W (also in adjacent EPIC-pn CCDs) but found no signif- 
icant variations. Tabic also lists the luminosities of the 
different regions for the different best fit parameters. In 
a few cases, where the best fit absorption is different, the 
softer band luminosity could be significantly different in 
the 30% and 100% abundance assumption. 

SHOCK region. The shock region is a clumpy NS- 
oriented elongated feature (Fig. . This structure is simi- 
lar to the one observed with Chandra. It includes conden- 
sations A and B but not C. The new X-ray data require a 
two temperature plasma, at ~ 0.3 and ~ 1 keV with N# 
relatively high (3x the line-of-sight value). 

Modeling the whole region is of limited significance 
given the differences observed in the photon spectral dis- 
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Table 2. Net counts in the 0.3-3 keV energy band in the PN and ml+m2 detector for selected regions, also shown 
in Fig. 03 The background is taken from an ellipse to the E, in a neighbouring CCD in EPIC-pn (see text). Fluxes 
and luminosities (0.3-3.0 keV band) are computed assuming a conversion factor of 4xl0~ 17 , for EPIC-pn counts, 
corresponding to a line-of-sight value for absorption and a power law with T = 1.7, and a distance of 85 Mpc. 
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Fig. 7. Spectral energy distribution for the central part of the shock including condensation A. Left: a single tem- 
perature plasma model is used to fit the data (see Table EJ- Right: a power law is added to the model. The best fit 
temperature and galactic absorptions vary slightly from the original fit but are consistent within the errors. 



tributions of the sub-regions highlighted by the color im- 
age and the pseudo-spectra (Fig. I4ltj|) . Analysis of differ- 
ent condensations within the shock confirms their differ- 
ent spectral properties. We have considered three sepa- 
rate regions as indicated in Table 01 corresponding to the 
three main peaks determined by Chandra and confirmed 
in XMM-Newton. The middle one is larger than, but in- 
clusive of, A. Assuming again plasma models, the middle 
and southern blob can be modeled with a single temper- 
ature but with different values for kT (0.6 and 0.2 keV 
respectively) and significantly different line-of-sight N#. 
This may ref lect in part the large r Hi column (>6xl0 20 
atoms cm' " 2 ; IWilliams et ai1 l2002) along the line of sight 
due to the foreground galaxy NGC 7320 that partially 
covers the southern tip of the shock region. 

A hard excess is visible in the data for region A 
(Fig.0), regardless of the abundance parameter, that can 
be accounted for by a second component (any model will 



do), even though the fit does not formally require a two 
component model (Xmin ~ !)■ No equivalent component 
is required in the other regions (except for the 100% abun- 
dance assumption, but see above). A two temperature 
model, with a relatively high amount of absorbing ma- 
terial, is instead required for the northern tip. 

HALO region. All high surface brightness regions re- 
lated to the shock, as well as discrete sources identified in 
Fig. [S] were excluded from the photon distribution yield- 
ing our best attempt to isolate a pure halo component. A 
two temperature model could represent the data, as in the 
previous region, but with a marginally credible x 2= 262 
for 198 Degrees of Freedom, and high temperature values 
of kTi=0.6 and kT2 = 4.2 keV, with lower than galac- 
tic absorption Njj = 0.04 (for 30% cosmic abundance; at 
100% cosmic, x 2 — 274, for similar spectral parameters). 
Addition of a third component brings a significant im- 
provement in the fit quality and the temperature values 
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Table 3. Spectral results for the different regions defined in the text. The thermal model is a mekal with the stated 
percentage of cosmic abundance. 

Region (cf. Fig. Counts and errors 

Z Nft kTi kT 2 N h T X 2 (DOF) X l L(Total) L(Total) L(kTi) L(kT 2 ) 
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NOTES 



* Fixed value of F, and fixed lower limit for N_h or kT 

** For the EPIC-PN data we have used both single and double events. Intrinsic luminosities refer to total (all three components), 
plasma (0.5-2.0 keV band) and nuclear components (2-10 keV band), respectively. 



closer to those observed in other regions (see Table [3| . In 
particular, the addition of a power law component gives 
a A% 2 of 45-55 (30-100% abundance respectively) for 2 
additional parameters. 

There is a likely possibility of contamination from dis- 
crete sources (one su ch was detected by Chandra, # 4 in 
iTrinchieri et all2003[ but not by XMM-Newton). However 
contamination should affect all regions equally, and we 
have subtracted all visible sources, so any contamination 
should be of low level. 

TAIL region. Counts from both source D and the 
connecting region were considered in order to improve 
the signal-to-noise. This combination is supported by the 
pseudo-spectra plot (Fig. 0) that indicates a similar pho- 
ton distribution for the two features. On the other hand it 
could be dangerous because we do not know if D belongs 
to SQ. Even taking this risk we still have a small num- 
ber of photons and the resulting parameters are not well 
determined. Although a single temperature model could 
be marginally acceptable (Xmi„=l-4 for 34 DoF), the best 
fit parameters (Nh significantly smaller than the line-of- 
sight value, kT> 2 keV) are probably unreasonable for the 



system. A two component model gives a significantly bet- 
ter fit (A% 2 > 14 for 2 additional parameters yielding an 
/ — test probability P> 99.99 that the additional model 
component give an improved fit). Table 01 presents the re- 
sults for a 2-plasma model fit. Equivalent results are found 
with plasma+thermal or plasma+power law models. 

NGC 7319. The spectrum of NGC 7319 is clearly com- 
plex and requires several components as we already found 
in our Chandra analysis. We now know that the discrete 
Chandra sou rce #9 located 8 arcs ec S of the nucleus is a 
z=2.2 QSO i Galianni et alJl2004l) however it contributes 
only about 5% of the photons near to NGC 7319. The 
Seyfert nucleus was fit with a double po wer-law and ap- 
propr iately red-shifted FeKa line (see also lTrinchieri et alJ 
2003]") . The slope of the power law can in principle be bet- 
ter constrained now because of the higher signal-to-noise 
at high energy. We find however that the complex spec- 
trum requiring a model with several independent compo- 
nents and large absorbing column density gives too small 
leverage for an accurate determination of the continuum. 
We also note that the region around the FeK line is not 
well modeled with the possibility of additional line com- 
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Fig. 8. Comparison between X-ray (smoothed EPIC-MOS data in 0.3-3.0 keV band, LEFT) and Ha+[Nn] (~ 6600 
km s -1 , RIGHT) emissions in SQ. The emission at the bottom of the right panel, to the SE of the bright NS feature, 
is contaminated by [Sn]A6717,6731 emission in NGC 7320 that falls in the filter passband. 



ponents. At lower energies the data require a thermal 
plasma model with T 0.6 keV and no absorption above 
the galactic value, in agreement with the more tentative 
Chandra results. The Seyfert nucleus dominates the emis- 
sion at all energies. At soft energies (0.2-2 keV) the un- 
absorbed power law and plasma components contribute 
equally while above 2 keV only the nuclear power-law 
source is present. 



3. Discussion 

Owing to the large effective area of the telescope, the 
XMM-Newton observations reveal new faint X-ray fea- 
tures in SQ that have hitherto been missed with Chandra. 
In addition, improved photon statistics allows the deter- 
mination of spectral components to higher accuracy, al- 
though we still cannot properly understand the real phys- 
ical state of the gas, most likely because it is highly inho- 
mogeneous and possibly not in collisional equilibrium. 

XMM-Newton observations support most of the con- 
clusions based on the Chandra observations and add con- 
fidence to some of the more tentative suggestions that 
were proposed. The complexity of the X-ray morphology 
is reinforced by similarly complex spectral characteristics. 
Nearly all Chandra sources are detected again by XMM- 
Newton (allowing for the degraded spatial resolution) and 
we can identify additional interesting features. Each of the 
principal emission features in the central region of SQ will 
be briefly discussed here with an emphasis on new issues 
raised by the XMM-Newton observations. 



3.1. X-ray Emission from SQ Member Galaxies 

The central regions of most SQ members are now X-ray 
detected with luminosities above 10 39 erg s -1 . The excep- 
tions involve the old (NGC 7320c) and new (NGC 7318b) 
intruders. NGC 7320c is far from the current center 
of activity and shows no detectable Hi or X-ray emit- 
ting gas. The case of NGC 7318b, at the site of cur- 
rent impact, is more complex, and might be strongly re- 
lated to the SHOCK itself (see discussion in the next 
section). Remnants of the Hi disk of NGC 7318b are 
still recognizable, but no X-ray emission clearly associ- 
ated with the central regions of this galaxy is detected. 
Only one of four bright emis sion line regions b elonging 
to its southern spiral arm I Sulentic et alJ l200lh is de- 



tected (source #2), at a luminosity of ~ 7 x 10 erg 
s _1 . While high, examples of luminosities such as this 
are now found in increasing number associated with star 
formi n g regions llZezas et alJ 199 91 iRoberts fe Warwick! 
2000t iFabbiano et all l200li IZezas fc Fabbianol 1200? 
Wolter fc Trinchieril l2004l) ~everal models suggest that 
interaction/collisions could enha nce the star f orma- 
tion activity in galaxies (e.g. I Jog fc Solomon! Il992t 
iFuiita fc Nagashimalll999l iBekki fc Couchll2003|) . so the 
real question becomes what distinguishes this from the 
other bright regions nearby: perhaps this is simply 
denser/more compact or the first to evolve. 

Both intruders, like NGC 7319 before them, are likely 
undergoing transformation from late-type spiral to early- 
type E/S0 morphologies. Perhaps NGC 7317 and 7318a 
underwent a similar process in past epochs. The older opti- 
cal tidal tail with apparently associated H I may be a man- 
ifestation of that past activity. Given its "field" (i.e. low 
galaxy surface density) environment, SQ is rich in early- 
type galaxies and will soon grow even richer. This appears 
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Fig. 9. (TOP) Intensity plots of the Ha+[Nn] and X-ray images (0.3-3.0 keV) in narrow cuts oriented NS (PA=2°) 
to better compare the shapes and distributions of X-ray and optical line emission. (BOTTOM) Corresponding cuts 
in the EW direction. The location of the cuts is indicated in Fig. 03 A 15" wide cut was made in all cases. Each step 
in the EPIC-MOS data corresponds to ~ 5" and ~ 2.5" in the Chandra data. All data are normalized to the peak at 
0", so that shapes are directly comparable. Regions A and B Fig. 03 are identified in the top panels while the bottom 
ones are centered on A. The negative values in the Ha data are due to subtraction of the NGC 7318a/b nuclei. The 
higher resolution in the Chandra data is apparent and distinguishes better the different features, even at the degraded 
resolution used for this plot. The XMM-Newton data provide an important confirmation on extent of the emission. 



to be one of the c haracteris t ics of compact groups at least 
as defined by the iHicksonl l|l982j) catalog. The stripping 
events creating ear ly type galaxies has g iven rise to large 
quantities of cold l|Williams et al.l [20021) and hot diffuse 



gas. The stripping events involving the intruders were ap- 
parently efficient enough to prevent the fueling of any nu- 
clear activity so far. NGC 7319 is the exception and shows 
a "typical" Seyfert 2 nuclear spectrum that can be mod- 
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eled by a double power-law with T ~ 1.3 plus a heavily 
absorbed component. The derived power-law slope is flat- 
ter than inferred from the Chan dra data but consistent 
with spectra of ot her Seyfert 2s l)della Ceca et al.l ["l999: 
iMoran et aDl200l[) . A thermal component is required to 
account for excess at low energies. This was also suggested 
by the Chandra data, in particular when the contribution 
from a circumnuclear region of more extended emission is 
included in the spectrum. XMM-Newton resolution means 
that any nuclear spectrum includes the circumnuclear re- 
gion (and a negligib le one from the high z quasar, see 
iGalianni et~alll2004|) . 

3.2. The Shock 

The sharp NS feature between NGC 7318ab and 
NGC 7319 shows a complex morphology with equally 
intriguing spectral characteristics. Higher resolution 
Chandra data showed several condensations and a steep 
W edge to the emission. These features are confirmed by 
XMM-Newton albeit with lower resolution. Comparison 
with data at other wavelengths illustrates the complexity 
of the s hock region with shock-related effects prominent 



at radio (Ivan der Hulst & Rotsll981: 


Williams et all2002l 


IXu et alJl2003l). X rav JPietsch et al 


ll997llSulentic et alJ 


2001: 


iTrinchieri et alJl2003h and Ha+[Nnl. Some of the 



Ha+[Nn] emission shows a star formation signature 
(both at SQ and new intruder v elocities) which is now also 
seen in the UV l|Xu et alJl2005|) . Examination of the high 
resolution Hubble images indicate that condensations A 
and B (Fig. [EJ correspond to places where the spiral arms 
of NGC 7318b are visibly disrupted: in A, where one of 
them intersects the shock, one can see a clear detachment 
of the inner part of this arm dominated by stellar light 
(emerging from the central bulge) from the gaseous com- 
ponent. This can reasonably be assumed to correspond 
to a region of higher gas density in the new intruder disk. 
Higher resolution Chandra data suggest that B is spatially 
coincident wit h a relatively compact radi o continuum fea- 
ture (see e.g. IXanthopoulos et ai1l2004[) near the south 
end o f the shock. An optical spectrum l|Gallagher et al.1 
200lh shows the onset of shock induced line smearing at 
the same location (with new intruder velocities merging 
into SQ velocities). 

A close correspondence be tween X-ray and Ha+N [ i i ] 
emission was already noted in ITrinchieri et al.l l|2003j) and 
is again evident in the comparison with the XMM-Newton 
data in Fig. |H1 Our interference filter image records both 
Ha and [Nn]A6583 emission. The association with the 
shock front is seen only in the Ha+ [Nil] emission with 
SQ velocities (~ 6600 km s -1 ) 1 . Figured-left shows two 
strong concentrations of line emission coincident with the 
Seyfert nucleus of NGC 7319 and the shock front. There 
is also evidence of an extended lower surface brightness 

1 SQ and new intruder velocity ranges are V>600 (mostly 
6300-6600) km/s and 540 0-6000 km/s respectively iXu et alJ 
ll999l:ISulentic et alllioOlT) . 



emission component extending mostly eastward from the 
shock front that we will discuss later. The multiwavelength 
morphological similarities are signatures of a close link 
between different phases of the new intruder ISM and SQ 
IGM. 

The ID intensity cuts along the shock front (Fig. [S] top 
panels) show more quantitatively the remarkable corre- 
spondence between X-ray and line emission. The cuts are 
centered on A as indicated in Fig. The total extents of 
the emissions are comparable with a rather sharp bound- 
ary at ~ 50" S in all panels. The X rays appear slightly 
more extended towards the N as more clearly shown with 
the EPIC-MOS data. A good correspondence between line 
and X-ray emission is seen between 30"— 50" to t he S while 
the Ha peak at —40" N, related to starburst A (Xu et al. 
1999), does not show a corresponding X-ray feature. The 
nearby weaker X-ray peak is due to the contribution of 
component C, which partially enters our cuts but is ac- 
tually displaced from the position of the Ha maximum 
and extends towards the NW. Starburst A is coincident 
with an X-ray minimum as well as an apparent Hi/CO 
maximum. This probably means that the starburst has 
occurred recently, with supernova activity still to come. 

The steep W boundary of the X-ray shock front dis- 
covered with Chandra motivated us to suggest a NE to 
SW transverse component of new intruder motion. Its 
presence in the X-ray da ta is difficult to unde rstand in 
the context of shocks (see ITrinchieri et alJ l2003). A simi- 
larly sharp W boundary of the optical line emission rein- 
forces the significance of this feature and the strong link 
between X-ray and Ha+[Nn] emitting gas. The sharp 
drop is already evident in the Ha image (Fig. [SJ but is 
dramatic in the ID intensity cuts perpendicular to the 
shock front shown in Fig. [5] (bottom panels). Several ex- 
amples of sharp X-ray boundaries have no w been observed 
in clusters and groups (i.e. "cold fronts" , iMazzotta et alJ 
120021 IVikhlinin et al.ll200l[) . However, in these, the spa- 
tial discontinuity is thought to correspond to a significant 
temperature decrease, while SQ does not show this effect. 
Both drops in X-rays and Ha could instead correspond to 
a (pre-existing) density discontinuity. This in turn implies 
that both emissions derive from impact with the same 
debris field. It is also conceivable that the X-ray discon- 
tinuity corresponds to a contact discontinuity where two 
separate flows are colliding. In that case, pressure and 
velocity would be continuous across the surface but the 
density would suddenly change. Since these discontinuities 
are generally unstable their presence might be understood 
if there is a magnetic field present that could suppress 
Kelvin-Helmholtz type instabilities generated by tangen- 
tial flows. The detection of a radio continuum emission 
coincident with the shock front is evidence for the pres- 
ence of a magnetic field ( Will iams et alJ l2002t IXu et all 
l2003h . The Ha boundary at the same position and with 
a similar drop would need to be explained in the same 
context. 

A close connection could also exist between the X- 
ray and dust distributions. Xu et al. (2003) have empha- 
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Fig. 10. Cut along the outer regions of the X-ray (left) and red continuum (right) emission (see Fig. EJ, again 
normalized to their respective peaks. Each step in the EPIC-MOS data corresponds to ~ 7". In both figures emission 
sloping to the SW is visible. 



sized the role of dust in the cooling process behind the 
shock front resulting from the collision between the in- 
truder galaxy and SQ IGM. They have argued that it 
could dominate the radiative cooling process. Residual 
60/xm and 100/zm emission detected with ISO (i.e., not 
attributed to NGC 7319 and the foreground NGC 7320) 
shows an elongated feature coincident with the ridge ob- 
served in Ha, radio con t inuum and X-ray (see Figure 3 
in Xu et al.). IXu et all l)2003|) have interpreted this as 
evidence for shock-related Far InfraRed emission. They 
derive a sputtering timescale for the dust of a few times 
10 6 yr, which is comparable to the timescale for gas cool- 
ing due to collision with dust grains. In their model, the 
expected luminosity for the dust is also comparable to 
the observed FIR luminosity attributed to the shock re- 
gion. Since the parameters assumed in Xu et al, based on 
our Chandra observation, are basically confirmed by the 
present XMM-Newton data, we do not recalculate these 
estimates. However, to properly interpret the exact role 
of the dust emission in the cooling process, and discard 
other plausible interpretations (e.g. evaluate the possible 
contribution from the unshocked arm of the new intruder 
along the same line of sight), a detailed comparison be- 
tween the dust distribution and the X-ray emission in this 
region is required, together with a detailed treatment of 
the shock physics through e.g. numerical simulations. The 
complexity of the multiphase medium that XMM-Newton 
data have shown will also have to be taken into account 
in any detailed modeling. 



The spectral properties of the shock region are not well 
defined but, under the assumption of low metal abun- 
dance, imply a multi-temperature plasma. This is most 
likely the observational signature of non-equilibrium ef- 
fects. Due to the differences in atomic cross-sections for 
ionization and recombination of different ions and ioniza- 
tion stages of the same ion, their coexistence in a plasma 
can mimic the signature of a multi-temperature structure. 
The assumption of equilibrium conditions that is implicit 
in current plasma models applies when the ionization and 
recombination time scales of the plasma are short com- 
pared to the dynamical and cooling time scales. This is 
not the case for recently shocked gas. Conversely, if the 
plasma is expanding rapidly due to its overpressure with 
respect to the a mbient medium, recombination is expecte d 
to be delayed l|Breitschwerdt fc Schmutzlerlll994 Il999h . 
Unfortunately, lack of detailed knowledge of the gas dy- 
namics and thermal history in SQ, coupled with the lim- 
itations of the data prevents us from applying a proper 
modeling to account for non-equilibrium conditions. 

Moreover we cannot discard additional effects due to 
a inhomogeneous matter distribution and/or geometrical 
effects. The middle condensation (A) with smallest N# 
could represent the leading edge of the approaching shock, 
already past the SQ debris field that is visible through 
Ha+[Nli] emission. The other two regions B and C might 
lag behind and still be embedded in molecular gas respon- 
sible for additional absorption. The neutral hydrogen de- 
tected in these regions is not enough to explain the inferred 
absorbing column densities. In fact no Hi is detected in 
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the region covered by our ellipse llWilliams et al.ll2002h al- 
though Hi features are found at the N and S end with 
velocities consistent with those in the shock. We have in- 
terpreted the H i clouds and NS shock feature as evidence 
for a preexisti ng tidal feature possibly produced in earlie r 
tidal activity l|Sulentic et al.ll200lt ITrinchieri et al.ll2003j) . 
The center of this feature is now shocked as a result of the 
recent collision with the new intruder. The evidence for a 
significant amount of debris, traced by the Ha emission, 
implies the presence of associated material, that could ex- 
plain the higher absorption in X-rays. 



As already discusse d in the context of Chandra results 
Trinchieri et al.ll2003j) . the temperatures associated with 
pre- and post-shock medium are a problem in our current 
understanding of shocks and the physical conditions of SQ: 
a bow-shock cannot be avoided if the new intruder slams 
into the debris with supersonic velocity, but the measured 
temperatures are lower than what is expected from the ve- 
locity of the intruder. If the gas ahead of the shock is fairly 
hot, the shock Mach number is low (M=2-3), resulting in 
a low compression factor and a moderate increase of the 
post-shock temperature (2-4 times). With the limitation 
of the current spectral analysis, we measure a pre-shock 
temperature of - 0.3-1 keV in "HALO" and "TAIL" that 
would imply a post-shock temperature in the range 1-4 
keV. In shock, we measure kT^ 1 keV, at the lower end 
of the expected range (although a hint of higher tempera- 
tures are seen in the middle blob, see Table |3|). We could 
of course be observing the system some time after the col- 
lision, after significant cooling has already occurred: how- 
ever the "radiative" cooling times that we derive, 10 8 — 10 9 
yr, are long compared to the estimated crossing time for 
NGC7318b and would further imply that the galaxy is now 
at a dista nce of several kpc from t he site of impact. As sug- 
gested in iTrinchieri et all l|2003j) . if the shock is oblique, 
most of the gas passes through the wings of the bow- 
shock under some angle and hence compression and heat- 
ing are reduced. Alternatively, if the gas has been freshly 
shocked, with ionization lagging behind the entropy in- 
crease, the post-shock gas appears to be "under-ionized" , 
i.e. it has essentially the same spectral characteristics as 
the unshocked medium. In this non-equilibrium ionization 
scenario, compression could be high but we could still de- 
rive "low temperatures" . In this case, we have to be in a 
situation where the shock is very recent, because as time 
goes by the system would gradually be getting back to 
equilibrium conditions. If cooling by dust is a contribut- 
ing or even dominant process, then the timescale for the 
shock could be extremely short, down to a few xlO 6 yr 
l)Xu et alJ[ 2003). In this case, if the cooling and sputtering 
times are comparable, the process could be self-regulating 
and result in an almost iso-thermal shock, explaining the 
lack of a temperature increase in the region. 



3.3. Separating Shocked and Diffuse X-ray 
Components in SQ 

The analogies that compact groups show to rich clusters 
(e.g. extreme densities with resultant strong galaxy ha- 
rassment) have led to claims that compact groups also 
typically show diffuse X-ray haloes. If primordial or at 
least virialized they offer an important chance to map 
the gravitational potential of the aggregate. Several ex- 
amples of X-ray clouds are found in compact groups: 
Hickson 62 represents probably the most unambiguous 
example of such a component but lower luminosity and 
less massive examples have been found i n other compact 
groups mostly with low spiral fraction l|Mulchaev et alJ 
l2003tlOsmond & Ponmanl2004[h In the case of SQ, our in- 
ferences about any long-lived diffuse component have been 
clouded by the strong and complex emission from the large 
scale shock. Low resolution ROSAT-PSPC and ASCA 
observations were inte rpreted as emission d ominated by 
a dif fuse component ijSulentic et alJ Il995t lAwaki et alJ 
1199/1). Subsequ ent ROSAT-HRI an d Chandra observations 
llPietsch et"allll997t ISulentic et a"fll200lt ITrinchieri et"aT] 
120031) showed that most of the diffuse photons originated 
from the extended shock leaving little flux that could be 
ascribed to diffuse emission. XMM-Newton observations 
reported here provide the strongest evidence for diffuse 
emission in SQ because the observed extent of the X-ray 
emission exceeds any reasonable estimate for the extent of 
shock related activity. 

Spectral data for the extended emission also require a 
multi-component plasma model in analogy with the shock 
region. In fact there seems to be a continuity in the spec- 
tral properties out to the TAIL region. The surrounding 
region is apparently inhomogeneous like the shock front 
with a highly variable N# column and an unrelaxed dif- 
fuse component mixed with emission related to the ongo- 
ing shock. The complex H 1 distribution in SQ may cre- 
ate or enhance the observed inhomogeneities. There are 
two X-ray components that we would like to separate: 
1) shock related emission, likely concentrated near the 
NS feature, where however emission related to the shock 
proper, the new intruder disk and a more long-lived dif- 
fuse component are probably mixed, and 2) the more long- 
lived diffuse component itself, of lower surface brightness 
and larger distribution. We will make use of the narrow 
band Ha+[Nll] and broad R band images to respectively 
infer the extent of shock and diffuse emission components. 

The ID EW cuts shown in Fig. OH indicate a significant 
extension towards the E in both line and X-ray emissions. 
The eastward extension is more significant in the new 
XMM-Newton data and can be traced up to 60 — 70" 
(~40kpc) east from the shock front and enveloping the 
Seyfert nucleus of NGC 7319. A similar diffuse extension 
up to ~ 50" is observed in line emission. Emission west- 
ward of the NS shock front is also visible in X-ray (mostly 
XMM-Ne wton) data, but at a lower intensity (see also 
Fig. 5 in ITrinchieri et all l|2003h L Ha+[Nn] cannot be 
reliably mapped here because of problems associated with 
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subtraction of the continuum emission near the centers of 
NGC 7318ab. The simplest interpretation sees the eastern 
emission extension as related to the new intruder disk. It 
may be the signature of shocked eastern half of the disk 
which is reasonable because almost no signature of neutral 
or warm gas is found eastward of the shock front indicat- 
ing that the disk has already passed the front. On the 
contrary, two H I and numerous H II regions with new in- 
truder velocities are observed west of the shock front. This 
east-west difference suggests that either the western side of 
the new intruder disk encountered much less SQ gas in its 
path or that it has not yet passed through SQ. The former 
appears likely because the H I and H n associated with the 
western side indicate that the disk is disrupted. The high 
line of sight velocity of the intruder makes this disruption 
difficult to explain with a response time of t<10 8 years. It 
is difficult to infer a total luminosity for the shock related 
component. The bulk of the shocked emission is inferred 
to follow the contours superimposed on Figure 8b where 
diffuse (assumed to be forbidden [Nil]) line emission is 
found. It is the most reasonable approach we can take 
given the complexity of the source and it is reasonable to 
say that it is on the order of ~ 10 41 erg s _1 which would 
be high for a normal spiral unless enhanced by a collision. 

Low level emission west of the shock front as well as 
extended emission towards the SE (TAIL) and SW (to- 
wards NGC 7317) are the strongest evidences for large 
scale diffuse X-ray emission in SQ (see Fig^and Fig|3|). 
The irregular shape of this component suggests that it is 
far from dynamically relaxed. An optical or an X-ray dif- 
fuse halo will grow by sequential stripping i n a compact 
group like SQ. Earlier analysis of optical data I Moles et"afl 
1998) showed a halo luminosity L~L* and suggested a 
smoother distribution of diffuse light towards the west 
and a very complex distribution towards the east. The 
latter was interpreted as evidence for the most recent 
halo building event connected with the last passages of 
NGC 7320c and stripping of NGC 7319. The halo build- 
ing component involves the optical tidal tails and asso- 
ciated debris between NGC 7319 and NGC 7320c. Star 
formation condensations have also been found in this de- 
bris many tens of kpc from group mem bers /intruders 
l|Sulentic et afll200ll jMendes et all 12005ft. Recent ultra- 
deep CCD imagery llGutierrez et al.l l2002|) considerably 
expands the size of the detected optical halo reinforcing 
the earlier conclusion that it represents an even more sig- 
nificant luminosity, and hence baryonic mass, component 
than previously estimated. 

The 2D extent of the diffuse emission in both X-ray 
and optical light can be inferred from Fig. ^ and the com- 
parison shown in Fig.0](X-ray contours on red image, left, 
and optical contours on X-ray color image, right). There is 
again a striking correspondence between diffuse emissions 
from hot gas and the stellar envelope in the southern half. 
Incidentally, this makes a strong case for the dynamica l 
involvement of NGC 7317 in SQ Csee lMoles et"al]ll998h . 
An extension towards NNE is also seen in both X-ray and 
optical light (however, beware of the prominent Seyfert 



nucleus in the X-ray image). This extended emission can- 
not reasonably be ascribed to the ongoing shock and was 
apparently produced in earlier collisions within SQ that 
are hard to reconstruct now. The lobe-like structures are 
likely signatures of particular stripping episodes that have 
not had time to relax. The latest stripping episode involv- 
ing debris towards the old intruder is even less relaxed and 
therefore more directly traceable to the last one or two in- 
trusions of NGC 7320c. SQ is apparently an example of 
extensive diffuse light in a dynamically active compact 
group. 

Fig. 1 101 shows a further comparison between X-ray and 
red continuum emission intended to show the extent of dif- 
fuse emission towards the SW and NE directions. The ID 
track is also shown in Fig which is centered roughly SE 
of feature C. Unlike Fig. the shapes of the two distri- 
butions are not similar. The "two-horned" profile in red 
continuum light is due to NGC 7318 while the peak in 
the X-ray plot is due to feature C and the bridge that 
connects it to the NS shock front. However diffuse emis- 
sion can be traced in both plots out to at least to 200" 
( 70kpc) SW and ~ 100" to the NE. This again indicates 
that the extended optical halo shows a correspondence 
with the extended X-ray halo. It is difficult to say more 
about the multiphase IGM of SQ especially in the ab- 
sence of 3D data. An estimate for the X-ray luminosity of 
the (non-shock) diffuse emission yields L x ~ 5 x 10 41 erg 
s _1 (0.5-2 keV) comparable with the shocked component 
but of much lower surface brightness. It is also compara- 
ble to luminosities of the hot gaseous comp onent in other 
low ve locity dispersion groups discussed bv lHelsdon et alJ 
(200^). SQ is a very low velocity dispersion group if the 
new intruder not included in the estimate. 

4. Conclusions 

Chandra and XMM-Newton have provided complimentary 
insights for the complex X-ray emission from Stephan's 
Quintet. The strongest point source involves the Seyfert 
nucleus of NGC 7319 although all members have now 
been detected, except for the two intruders NGC 7320c 
and NGC 7318b. The most unusual aspect of the X-ray 
emission from SQ involves its extended emission. All of 
the galaxies in SQ have been stripped by a continuing 
sequence of intrusions by neighboring and likely member 
galaxies. The most recently stripped spiral galaxies involve 
NGC 7319 and NGC 7320c. Apparently enough gas was 
channeled into the nucleus of the former to stimulate an 
AGN while the latter is undetected at all but optical wave- 
lengths. The stripping events have given rise to a complex 
multiphase medium that has now been detected in radio 
continuum, radio lines (Hi+CO), optical line (Ha+[Nll]) 
and X-ray. Much/most of the radio continuum, optical line 
and X-ray emission are connected with a large scale shock 
generated by the most recent collision involving the ISM 
of NGC 7318b and the preexisting IGM debris field from 
previous stripping events. We infer an extent for the shock 
dominated emission in excess of D^50kpc. The stronger 
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emission involves a narrow NS shock front that may reflect 
the existence of an extended debris field connecting two 
H I clouds in the new intruder path. The more extended 
shock related emission is interpreted as the shocked new 
intruder disk. The 2D correspondence between the X-ray 
and optical line emission suggests a common origin for 
these two gas phases. 

We now detect a much more extended (D 130-150kpc) 
diffuse component that cannot be ascribed to the shock. 
This is presumably related to the diffuse components 
found in other groups and clusters. No line emission maps 
this X-ray structure, but rather diffuse light from a halo of 
stripped stars. The complex lobe- like structure of this halo 
presumably reflects a group far from a state of dynamical 
relaxation. 

It is difficult to find an analogy to SQ in the cur- 
rent X-ray literature. The closest might be the Antennae 
l|Fabbiano et al.ll2003l iMetz et al.ll2004|) where strong in- 
teractions have obviously taken place. However the anal- 
ogy quickly breaks down, because the Antennae are domi- 
nated by star formation regions and most of the diffuse X- 
ray emission is associated with these regions. In addition, 
while strongly distorted, most of the gas still resides in the 
galaxies. We do not see evidence for widespread star for- 
mation activity in SQ galaxies, although we see small star 
forming condensations developing in the stripped debri s 
dXu et alJIlQQfll: ISulentic et alboOlt iMendes et afll20n5l) . 
Shocked emission in SQ does not follow these few features: 
it is concentrated in a more localized region presumably 
at the sight of current impact and appears to be more 
extended than traced by the Ha emission (although mix- 
ing with the pre-existing diffuse emission might play a 
role). The spectra of the diffuse components in SQ and 
the Antennae both require multi-temperature fits, how- 
ever it is very likely that this is just the observational sig- 
nature of very complex temperature distributions and/or 
non-equilibrium effects. In the Antennae, a detailed anal- 
ysis has shown the presence of re gions at different tem - 
peratures and absorption depths l|Fabbiano et alJl2003|k 
In SQ we both have evidence of condensations at differ- 
ent temperatures and expect non-equilibrium conditions. 
Unfortunately, current observations do not allow us to cal- 
culate the dynamics and the thermal history of the plasma 
self-consistently, to properly model its physical conditions. 
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Fig. 6. Photon energy distributions (pseudo-spectra) for 
regions highlighted in Fig.[SJ No correction for the spectral 
response is applied, so plotted distributions are not rep- 
resentative of the real spectral shapes. Counts are binned 
all in the same energy ranges (shown by horizontal bars) 
and normalized to the highest value so that relative shapes 
are immediately comparable to one another. Uncertainties 
are given only for selected regions to preserve clarity in the 
plots. Photons from smaller regions included in larger ones 
are not included in pseudo-spectra for these latter. TOP: 
Regions in or near the central shock region. MIDDLE: 
Sources associated with SQ galaxies plus the single de- 
tected giant emission region SW of NGC 7318a (# 2). 
Because of the much stronger emission from the Seyfert 
nucleus of NGC 7319 in the hard band, that determines 
the relative normalization of the pseudo-spectrum, all 
points are systematically below other objects. BOTTOM: 
Regions of diffuse emission outside the central shock re- 
gion. 



